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VIABILITY OF MICROORGANISMS I N  THE DESERT SOILS OF TURKMENIA 

A. I. Zhukova, V. Kh. Kozlova 

ABSTRACT. The v i a b i l i t v  of microorganisms under 
condi t ions  of extreme dryness ,  i r r a d i a t i o n  and t e m -  
perature,approximating-those on Mars, w a s  i n v e s t i g a t e d  
i n  t h e  Darvaza, Repetek and Dushak reg ions  of Turkmenia, 
USSR i n  J u l y ,  1964. A i r  and s o i l  temperature ,  CO l i b e r a t e d  

by t h e  s o i l ,  and t o t a l  N content  were measured. It i s  

found t h a t  water i s  more important €or  mass reproduct ion 
of microorganisms than organic  matter. 
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I n  analyzing t h e  p o s s i b i l i t y  t h a t  terrestrial forms of microorganisms may /503* 
e x i s t  under condi t ions  approximating the  climate of Mars, we encountered t h e  
problem of whether b a c t e r i a l  cells can mul t ip ly  under condi t ions  of minimum 
moisture .  It w a s  of i n t e r e s t  t o  determine a t  what level of n a t u r a l  mois ture  
t h e  v i t a l  a c t i v i t y  of microorganisms is p o s s i b l e  on ea r th .  
an exped i t ion  w a s  undertaken i n t o  t h e  c e n t r a l  reg ions  of t h e  d e s e r t  zone of 
Turkmenia. The l i t e r a t u r e  is l ack ing  i n  d a t a  on microbio logica l  i n v e s t i g a t i o n s  
i n  t h e  sands of t h e  d e s e r t s  of t h e  Soviet  Union. There is  t h e  g r e a t  work by 
Feher (Ref. 6 )  on microbio logica l  a c t i v i t y  i n  t h e  sands of t h e  Sahara Desert. 
The matter of the moisture  l i m i t s  at which microorganism growth i s  p o s s i b l e  has  
remained moot s i n c e  t h e  au thor  w a s  unsuccessful  i n  car ry ing  out  t h e  proper  
experiments.  

For t h i s  purpose,  

The a i m  of our  work has  been t o  descr ibe  t h e  c r i t i c a l  condi t ions  on e a r t h  
a t  which the e x i s t e n c e  of microorganisms is  poss ib l e ,  and t o  determine t h e  
n a t u r e  of mic rob io log ica l  a c t i v i t y  under climatic condi t ions  which a re  extreme 
i n  t h e  s e n s e  of mois ture ,  temperature ,  and i r r a d i a t i o n .  An important  f a c t o r  i s  
t h e  temperature  d i f f e r e n t i a l ,  which i s  most c l e a r l y  pronounced under t h e  con- 
t i n e n t a l  c l imat ic  condi t ions  of t h e  dese r t s .  There i s ,  of course,  no p l a c e  
on earth where t h e  d a i l y  temperature d i f f e r e n t i a l  is 100°C, as i t  i s  on Mars, 
b u t  a c e r t a i n  approximation appears real is t ic .  

Method 

The fo l lowing  work w a s  performed on the expedi t ion :  

1. Determinat ion of s o i l  humidity;  
2. Determinat ion of s o i l  and a i r  temperature;  
3.  S e l e c t i o n  of s o i l  specimens t o  estimate t h e  number of microorganisms; 

* Numbers i n  t h e  margin i n d i c a t e  pagina t ion  i n  t h e  o r i g i n a l  fo re ign  t e x t .  
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4 .  Determination of s o i l  " resp i ra t ion"  ( l i b e r a t i o n  of CO ) ;  and 

5 .  Determination of t h e  p o t e n t i a l i t i e s  of microorganism m u l t i p l i c a t i o n  
2 

on adding organic  matter and water t o  t h e  s o i l  specimens. 

The i n v e s t i g a t i o n s  were conducted a t  t h r e e  s i tes  i n  Turkmenia: t h e  
Bettlement of Darvaza, a reg ion  of moving sands 200 km from Ashkhabad; t h e  
s t a t i o n  of Repetek, t e r r i t o r y  of t h e  dese r t  r e s e r v a t i o n  of t h e  Academy of 
3c iences  of t h e  Turkmen SSR, where t h e  sands are f i x e d  and mobile only a t  
kpo t s ;  t h e  r eg ion  of  M t .  Dushak, a t  a he ight  of 2100 meters i n  t h e  KopeeDagh 
cha in ,  where t h e  s o i l  i s  a l i g h t ,  brown loam wi th  an admixture of m a r l .  The 
expedi t ion  worked from J u l y  5 t o  1 4 ,  1964. This  pe r iod  w a s  n o t  a r b i t r a r i l y  
chosen. 
of t h e  maximum t o t a l  i n s o l a t i o n  dosage (Ref. 1). 
i n s o l a t i o n  i s  a t  a m a x i m u m  i n  t h e  win te r  months (Ref. 4 )  because of t h e  g r e a t e r  
d u s t i n e s s  of t h e  atmosphere over  t h e  d e s e r t s  i n  summer, t h e  t o t a l  i r r a d i a t i o n  
dosage during a day i s  a t  a maximum i n  June-July: 764-805 c a l / s q .  cm (Ref. 1). 
The summer months are s imultaneously t h e  h o t t e s t  and t h e  d r i e s t  -- e .g . ,  
atmospheric humidity i n  Darvaza i n  summer i s  about 1 5 % ,  b u t  i n  Repetek i t  goes 
down t o  3% 

J u l y  i s  the-month of h ighes t  temperatures on T u r h e n i a n  t e r r i t o r y  and 
Although i n t e n s i t y  of 

The hygroscopic  c o e f f i c i e n t  of t h e  sands w a s  determined by reducing f 504 
specimens t o  a cons tan t  weight i n  a drying oven a t  105OC. 
+pressed  i n  percentages of abso lu te  dry weight. 

Humidity w a s  ex- 

Temperarure o f - t h e  a i r  and of t h e  upper l a y e r s  of t h e  s o i l  was determined 
be fo re  s t a r t i n g  t o  select samplings a t  the  t i m e  of maximum i n s o l a t i o n  (2:OO p.m., 
' l o c a l  t i m e ) ,  a t  sundown (8:OO p.m;), and a l s o  a t  n i g h t .  

Samplings f o r  determining t h e  t o t a l  number of microorganisms were taken 
from t h e  sur face ,and  to luene  w a s  added so t h a t  t h e  ce l l  count i n  t h e  specimens 
would n o t  change during t r a n s p o r t a t i o n . '  

The C02 l i b e r a t e d  by t h e  s o i l s  w a s  measured by Shtatnov 's  method (Ref. 5 )  
'based on the abso rp t ion  by a n  a lkal i  s o l u t i o n  of t h e  carbon dioxide l i b e r a t e d  
i n  a c losed  volume. The tests were made a t  t h e  experimental  s i tes  d i r e c t l y  
under f i e l d  cond i t ions ,  and la te r  wi th  the  same s o i l s  i n  t h e  l abora to ry .  The 
experiments  on t h e  l i b e r a t e d  CO were made dur ing  t h e  n i g h t  hours .  The ch ief  

reason  f o r  t h i s  w a s  t h e  need t o  e l imina te  t h e  severe hea t ing  i n  daytime from 
t h e  c losed  space i n  which C02 absorp t ion  w a s  proceeding. 

n i g h t  CO 

ence i n  the sands is  probable  (Ref. 6 ) ,  bu t  when analyzing t h e  micro- 
b i o l o g i c a l  p repa ra t ions  w e  de tec ted  no a lgae  i n  t h e  specimens i n v e s t i g a t e d .  
Therefore ,  our  f ind ings  c h a r a c t e r i z e  the a c t i v i t y  of o t h e r  microorganisms. 
The experiments  t o  determine " resp i ra t ion"  of t h e  d e s e r t s  l a s t e d  from 6 t o  16 
hours .  - 

2 

To be s u r e ,  a t  

may a l s o  be l i b e r a t e d  by t h e  r e s p i r a t i o n  of a l g a e  whose pres-  2 

The estimate of t h e  specimens' organic  subs tance  
d i r e c t l y  from t h e  t o t a l  amount of n i t rogen  determined 

conten t  w a s  made in-  
by t h e  s tandard  Kje ldahl  
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method. 

a t '  
? : O O  
p.m.  

44 

60 

49 

The las t  obse rva t iona l  v a r i a n t  w a s  planned as fo l lows .  The p repa ra t ions  
f o r  t h e  expedi t ion  cons i s t ed  of preparing test tubes conta in ing  d i f f e r e n t  s o i l  
specimens weighing 5 grams each and having a g iven  humidity -- 0, 1, 5 ,  and 
10%. The s o i l s  f o r  t h e s e  moisture  s tandards  w e r e  s o  chosen t h a t  t h e  amount of 
organic  material i n  them v a r i e d  d r a s t i c a l l y .  S o i l  from a mountain wi lderness ,  
lava, l imon i t e ,  and ord inary  garden s o i l  were used. One-gram amounts of t h e  
@ o i l  specimens t o  be  t e s t e d  were introduced i n t o  test tubes  wi th  a p rev ious ly  
determined q u a n t i t y  of organic  material  of n a t u r a l  o r i g i n  and d e f i n i t e  humidity.  
Analysis  of t h e  conten t  of t h e  t e s t  tubes a f t e r  a c e r t a i n  s t o r a g e  per iod  would 
reveal t h e  importance of such f a c t o r s  as o rgan ic  matter and mois ture  f o r  t h e  
development of microorganisms. 
were used i n  o rde r  t o  ob ta in  an i d e a  of t he  p o s s i b i l i t y  of  terrestrial  micro- 
organisms' reproducing i n  s o i l s  whose composition i s  similar t o  those  assumed 
t o  e x i s t  on Mars. 

Limonite and lava s o i l ,  poor i n  organic  m a t e r i a  

a t  at 
8 : O O  . n i g h t  
p .m. 

37 31 

37 27 

22 16  

Resul t s  

39 

25 

To understand t h e  n a t u r e  of t h e  climatic condi t ions  dur ing  s e l e c t i o n  of 
t h e  samplings f o r  microbio logica l  ana lys i s ,  w e  have ,p resen ted  d a t a  on t h e  
temperatures  o f .  the 
(Table 1). 

s o i l  and a i r  a t  the  s i tes  where t h e  work w a s  conducted 

36.5 20 

19 1 9  

TABTE L. TEMPERATURES OF SOIL AND A I R  DURING INVESTIGATIONS ,-.------- 

I , 
I 

S i t e  I Nature of Ground 

Darvaza 

Repe t ek 

Dushak 

I 

Moving sands without  p l a n t  

Fixed sands;  p l a n t  l i f e  

Stony gray loam; j u n i p e r  

l i f e .  

exists. 

bushes.  

S o i l  Temp. C" iir Temp. C" e- 

! : O O  ;:m. I 8:OO p::. I a t  n i g h t  

38 I 31 1 29 

It is evident  from Table 1 that the  m a x i m u m  temperature  d i f f e r e n t i a l  i n  
t h e  t r a n s i t i o n  from day t o  n i g h t  was  observed i n  Repetek and M t .  Dushak s o i l s ,  
and w a s  33°C. 
d r a s t i c a l l y ,  and t h e  jump d id  not  exceed 19°C. 

t h e  r e a s o n  f o r  t h e i r  mois ture  v a r i a t i o n s  (Table 2 ) .  

A i r  temperature  during the  twenty-four hours  va r i ed  less 
The abrupt  temperature  change 

. i n  t h e  topmost s o i l  l a y e r s ,  which were t h e  s u b j e c t  of t h e  i n v e s t i g a t i o n ,  i s  

The q u a n t i t y  of microorganism cel ls ,  determined by t h e  d i r e c t  count ing /505 
method, does no t  always fol low t h e  v a r i a t i o n  i n  s o i l  mois ture  (Table 3 ) ,  b u t  
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a gene ra l  tendency i s  not iceable :  
e l eva ted  mois ture  conten t .  

t h e  c e l l  count is  h ighe r  i n  s o i l  wi th  an 

The presence of microorganism cel ls  i n  t h e  t e s t e d  s o i l s  which s e e m  q u i t e  
1 -  normal when f i x e d  and s t a i n e d  s t i l l  does not  g ive  a s u f f i c i e n t l y  complete 

i d e a  of t h e  microbio logica l  processes  which occur i n  t h e  d e s e r t .  
t o  imagine t h a t  t h e s e  c e l l s  are i n  a s t a t e  of anab ios i s  as a r e s u l t  of t h e  
minimum moisture .  
growth on t h e  s u r f a c e  of agar  medium i n  d ishes .  
d i s h e s  of meat-peptone aga r ,  of course ,  represent  a n  extreme d e v i a t i o n  i n  terms 
of nu t r iment ,  temperature ,  and humidity from t h e  cond i t ions  of  t h e  n a t u r a l  
h a b i t a t s  of t h e  microorganisms inves t iga t ed .  
t o  37OC d i d  n o t  r e s u l t  i n  an  i n c r e a s e  i n  t h e  number of co lon ie s  i n  t h e  d i s h e s ;  
on t h e  con t r a ry ,  t h e i r  number became smaller. 
actinomycetes appeared i n  a d d i t i o n  t o  the co lonies  of b a c t e r i a ,  a t  37"C, on t h e  
o t h e r  hand, no t  a s i n g l e  fungus colony was recorded. 

It i s  easy 

The i r  v i a b i l i t y  i s  demonstrated by t h e  presence of colony 
The growth cond i t ions  i n  

A rise i n  incubat ion  temperature  

I f ,  moreover, a t  28OC fung i  and 

S i t e  Humidity, % 

a t  2 i O O  p.m. 

3ZrEZZZi-- . 0.188-U. 196 
Repetek 0.096-0.125 
Dushak 1.073-1.785 

_- . 

S i t e  

--- 

a t  8:OO p.m. 

Number of Cells, % 

a t  2:OO p.m. a t  8 : O O  p.m. 
I 

0.221-0.230 
0.147-0.184 
1.751-2.688 

TABLE 3 .  TOTAL NUMBER OF CELLS AT DIFFERENT HOURS OF THE DAY 
I N  MILLIONS PER GRAM OF SOIL 

Darvaza 
Repe t ek 
Dushak 

63.5 
84.1 

187.8 

154.5 
28.4 

526.7 

The v a r i e t y  of co lon ie s  c u l t e r e d  on t h e  meat-peptone aga r  s u r f a c e  w a s  
extremely i n s i g n i f i c a n t .  
s u c c e s s f u l l y  i s o l a t e d .  
weakly co lo red  i n  p ink i sh  o r  ye l lowish  tones.  
day a f t e r  i nocu la t ion .  The number of co lonies  i n  t h e  d i s h e s ,  even a f t e r  
i n o c u l a t i o n s  of t h e  f i r s t  c u l t u r e ,  d i d  not  exceed ten .  The l i m i t e d  number of 

Only about 30 morphological ly  d i s t i n c t  s t r a i n s  were 
A s  a r u l e  these  were f l a t ,  s l imy colonies  which were 

They appeared on t h e  second 
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L TABLE 4 .  INTENSITY OF C 0 2  LIBERATION AND TOTAL NITROGEN CONTENT 
J 

'. 1 I N  DESERT SOILS 

S i t e  

Darvaza 
Repe t ek 
Dushak 

Mg of C 0 2  l i b e r a t e d  
2 per/m hour 

% of t o t a l  n i t r o g e n  

37.8 0.0337 
34.6 0.0476 
74.5 1 .0621 

co lon ie s  cu l tu red  provides  no b a s i s  f o r  assuming t h a t  t h e  r e s u l t s  of t h e  
conversion p e r  gram of s o i l  are r e l i a b l e .  To o b t a i n  a concept ion of t h e  
v i a b i l i t y  p o t e n t i a l s  of microorganisms inhab i t ing  t h e  d e s e r t  sands,  i t  i s  
b e t t e r  t o  d e a l  w i th  t h e  r e s u l t s  of experiments t o  determine t h e  C 0 2  l i b e r a t e d  

from t h e  s o i l  dur ing  t h e  n igh t  hours (Table 4 ) .  

S i t e  

Darvaza 
Repetek 
Dushak 

The d a t a  of Table 4 i n d i c a t e  t h a t  the  microbio logica l  process  of carbon 
d iox ide  l i b e r a t i o n  i n  d e s e r t  sands is  d i s t ingu i shed  by r a t h e r  p e r c e p t i b l e  
i n t e n s i t y .  I f  t h e  processes  of transforming organic  material are equated t o  
t h e  decomposition of hexatomic hydrocarbons, i t  may be  assumed t h a t  t h i s  
i n t e n s i t y  of  CO l i b e r a t i o n ' c o r r e s p o n d s  top rocess ing  70 t o  152 mg of g lucose  

p e r  squa re  peter p e r  hour.  The organic  matter i n  t h e  s o i l ,  however, c h i e f l y  
r e p r e s e n t s  t h e  remnants of animal and p l an t  decay. An i n d i r e c t  i n d i c a t i o n  of 
t h e  presence  of organic  material is  t h e  percentage of t o t a l  n i t r o g e n  i n  a 
, s o i l  specimen. 
f o r  t o t a l  n i t r o g e n  determined by Feher (Ref61 f o r  Sahara sands (from 0.02 t o  
0 . 0 5 % ) .  The q u a n t i t y  of organic  m a t e r i a l  i n  t h e  d e s e r t  s o i l s  is n e g l i g i b l e ,  
bu t  t h e r e  i s  enough of i t  t o  make i t  poss ib l e  f o r  t h e  microorganisms e x i s t i n g  
t h e r e  t o  man i fe s t  themselves a c t i v e l y .  

.--. 1 _ .  .----. 
2 

f 506 
Table 4 a l s o  g ives  these  f i g u r e s .  Our d a t a  are c l o s e  t o  those  

Storage t i m e  of test tubes a t  temperature  

30' 27' 4" 

6 days 4 days 188 days 
9 days 4 days 179 days 
4 days 4 days 1 7 1  days 
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TABLE 6 .  NUMBER OF CELLS I N  STANDARD TEST TUBES AT TERMINATION 

. Sample si tes 
and i n i t i a l  
c e l l  count ,  
mi l l i on /g  

Darvaza, 63.5 

Repetek, 84.1 

Dushak , 187 .8  

- _  

OF EXPERTMEET, MILLION PER GRAM 

Hyg ros  cop i c 
c o e f f i c i e n t  

% 

0 
1 
5 

10 

0 

5 
10 

0 
1 

Desert 
soil 
(0.3521% 
of t o t a l  

N) 

239.2 
96.3 

1 2 7 . 1  
227.6 

- 
145.9  
471.9 
806.2 

493.5 
410.9 
661.3 

1996.5 

Lava 
(0.1209% 
of t o t a l  

N) 

6 4 . 3 ( ? )  -* 
227.6 

- 

216.5 

339.1 
605.5 

531.3 

522.1  
925.6 

- 

- 

> imoni t e 
( t r a c e s  
,f N)  

259.4 
187.8 
268.2 
432.1  

251.7 
199.6 
405.6 
571.4 

- 
564.2 
721.6 
855.1  

Garden s o i l  
(10.8581% of 
t o t a l  N) 

164 .3  
190.5  
272.8 
470.8 

213.2 
115.8  
291.7 

- 

174.8  
833.9 

435 .O 
- 

* Dash i n d i c a t e s  t h a t  no determinat ion w a s  made. 

:of t h e  d e s e r t i c o l o u s  b a c t e r i a .  
s ter i le  s o i l  having a d e f i n i t e  percentage of organic  matter and a g iven  
humidity had been prepared i n  advance f o r  t h i s  experiment. Table 5 g ives  t h e  
s t o r a g e  pe r iods  of t h e  s tandard  test  tubes from t h e  moment t h a t  t h e  exper i -  
mental  specimens of d e s e r t  s o i l  were introduced i n t o  them u n t i l  t h e  beginning 
of mic rob io log ica l  a n a l y s i s .  

A s  a l ready  noted ,  s tandard  t e s t  tubes  wi th  

The s t o r a g e  pe r iod  leaves no doubt t h a t  during t h i s  per iod  t h e  cel ls  
capable  of m u l t i p l i c a t i o n  should have increased  i n  number. 
s t o r a g e  p e r i o d  an a n a l y s i s  w a s  conducted both by t h e  d i r e c t  count ing method 
and by i n o c u l a t i o n  i n  d i shes  of meat-peptone agar .  The co lonies  c u l t u r e d  i n  
t h e  d i s h e s  were no t  d i s t i ngu i shed  by g r e a t  v a r i e t y ,  bu t  pigmented forms w e r e  
encountered more f r equen t ly  than  i n  analyses  of s o i l s  -- p a r t i c u l a r l y  i n  
samplings where mountain wi lderness  s o i l  w a s  taken as t h e  s tandard .  The colony 
number i n  t h e  d i shes  
i n  o r g a n i c  material. 
used f o r  t h e  f ind ings  given i n  Table 6 .  

A t  t h e  end of t h e  

w a s  a l s o  l i m i t e d ,  even i n  t h e  case of garden s o i l  r i c h  
Therefore ,  only the  r e s u l t s  of d i r e c t  c e l l  count ing w e r e  

The first column of t h e  t a b l e  gives  t h e  i n i t i a l  number of cells  i n  t h e  1507  
s o i l s  i n v e s t i g a t e d  which were i n s e r t e d  i n  t h e  s tandard  tes t  tubes .  Thus, t h e  
i n c r e a s e  i n  c e l l  count because of organic  material and mois ture  i n  t h e  s tand-  
a r d  t es t  tubes  i s  t h e  d i f f e r e n c e  between the first and t h e  fol lowing columns 
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of the  t a b l e .  On t h e  b a s i s  of t h e  f ind ings  shown, it may be noted t h a t  t h e  
a d d i t i o n  of organic  matter i n  t h e  form of n a t u r a l  humus of garden s o i l  wi thout  
t h e  a d d i t i o n  of water does n o t  l e a d  t o  a rise i n  t h e  microorganism count .  The 

. a d d i t i o n  of water i n  an  amount of less than 5% of a b s o l u t e  dry s o i l  weight does 
no t  a f f e c t  t he  number of cel ls .  The mois ture  l i m i t  r equ i r ed  for a p e r c e p t i b l e  
gncrease  i n  ce l l  count is  around 5%. 

It appears  t h a t  water i s  a more important f a c t o r  than t h e  
presence of  organic  matter f o r  s t a r t i n g  the  d i v i s i o n  of microbe cel ls .  The 
th re sho ld  mois ture  va lue  which w e  discovered t o  be necessary f o r  t h e  s ta r t  of 
microorganism m u l t i p l i c a t i o n  i s  c l o s e  t o  t h e  f i g u r e s  quoted by Novogrudskiy 
(Refs. 2 and 3 ) .  The au thor  notes  t h a t  fungi  are more drought r e s i s t a n t  than  
are b a c t e r i a .  H e  observed development of fung i  a t  mois tures  of no t  less than  
3.36%, bu t  h i s  f i nd ings  show t h a t  t h e  lower mois ture  l i m i t  needed f o r  t h e  
reproduct ion  of b a c t e r i a  cells varies f o r  s o i l s  wi th  d i f f e r e n t  humus con ten t s .  
The g r e a t e r  t h e  humus concent ra t ion ,  t h e  more mois ture  i s  r equ i r ed  f o r  t h e  
start of b a c t e r i a  m u l t i p l i c a t i o n .  
a mois ture  rise i n  t h e  test tubes wi th  s o i l s  poor i n  organic  matter had a 
g r e a t e r  e f f e c t  on t h e  m u l t i p l i c a t i o n  of microbe cel ls  than  d id  t h e  a d d i t i o n  
of water t o  t h e  garden s o i l .  

Our observa t ions  are a l s o  similar t o  t h i s :  

Conclusions 

1. The upper l a y e r s  of t h e  Turkmenian d e s e r t  where t o t a l  n i t r o g e n  
conten t  is  no more than  1.1% and t h e  sand moi s tu re  f l u c t u a t e s  from 0.1 t o  2.7% 
are populated by v i a b l e  mixroorganisms. 

2 .  Microbe cel l  v i a b i l i t y  is  r e t a ined  a t  a d a i l y  s o i l  temperature  of 60°C, 
d i u r n a l  temperature  d i f f e r e n t i a l s  of 33OC, and maximum i n s o l a t i o n .  

3.  Mois ture  is  the more impor t an t i f ac to r  f o r  microbe v i a b i l i t y  than  is  
t h e  presence  of organic  matter. 

t h e  
4. The mois ture  l i m i t  necessary f o r  /start of b a c t e r i a  c e l l  m u l t i p l i c a t i o n  

i s  between 1 and 5%. 

5. Colonies  c u l t u r e d  i n  inocu la t ions  of t h e  i n v e s t i g a t e d  specimens on 
meat-peptone aga r  d i f f e r  only s l i g h t l y  and have weak pigmentation. 
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